1 Objective: High-Frequency alternating current (HFAC) nerve block has great 2 potential for neuromodulation-based therapies. However nerve function recovery 3 dynamics after a block is highly understudied. This study aims to characterise the 4 recovery dynamics of neural function after an HFAC block.
Introduction
Distal
Devices and Setup

13
The tungsten wires used to capture EMG signals from gastrocnemius medialis and 14 tibialis anterior were connected to two channels of a differential amplifier (Model 1700,
15
A-M Systems, WA, USA) as shown in Figure 1a . The EMG signals were filtered using Processor (Blackrock Microsystems, Utah, USA).
20
The cuff contacts were connected to two different devices. The three contacts on each end 21 were connected to a Cerestim stimulator (Blackrock Microsystems, Utah, USA) while Circuit schematic for the analogue portion of the custom-made PCB device used to deliver the blocking signal. (a) and (b) are voltage references built using precision shunts; (c) is an inverter used to invert the DAC-generated input signal to the opposite polarity for input into the sink branch of the stimulator; and (d) is the core of the stimulator with separate current source and sink individually calibrated with trim potentiometers. Connections between parts of the circuits are named using node references.
the middle eight contacts were connected to a custom-built current-controlled HFAC 1 stimulator printed circuit board (PCB). The CereStim system carried out stimulation 2 distal and proximal to the area blocked by HFAC. The sync signal from the CereStim 3 was connected to one of the analogue channels of the CereBus, so that the EMG signals 4 could be synchronised with the stimulation.
5
The schematic for the analogue portion of the circuit is shown Figure 2 , with component 6 values detailed in Table 1 . The boxplots collate data from all frequencies for which the block reduced normalised 10 EMG activity by at least 0.5 relative to baseline that also featured sigmoid fits for which 11 the adjusted R-square value was higher than 0.9.
Results
where values are the most stable while maintaining strong block effects at amplitudes 10 as low as 6 mA. A second observation is that block of tibialis anterior was more reliable 11 and stable than for gastrocnemius medialis as seen from the lower variance of results, 12 especially for lower block frequencies. Finally, in two rats the blocking effect was 13 progressively lost as the blocking signal amplitude was increased past 5 mA at the lowest 14 frequencies. Only partial block was obtained for blocking signal frequencies over 35 kHz.
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As previously reported in the literature this suggests there are optimal frequencies for 16 block where lower amplitudes and frequencies achieve a strong blocking effect [12, 26] . 2 3 4 5 6 7 8 9 2 3 4 5 6 7 8 9 2 3 4 5 6 7 8 9 2 3 4 5 6 7 8 9 2 3 4 5 6 7 8 9 2 3 4 5 6 7 8 9 2 3 4 5 6 7 8 9 2 3 4 5 6 7 8 9 2 3 4 5 6 7 8 9 2 3 4 5 6 7 8 9 2 3 4 5 6 7 8 9 2 3 4 5 6 7 8 9 2 3 4 5 6 7 8 9 2 3 4 5 6 7 8 9 2 3 4 5 6 7 8 9 2 3 4 5 6 7 8 9 2 3 4 5 6 7 8 9 2 3 4 5 6 7 8 9 Figure 7 . Spike value relative to baseline during block for gastrocnemius medialis versus blocking signal amplitude. Each plot corresponds to a blocking signal frequency.
normalised EMG responses tended to be lower at higher block amplitudes for rats 1 and 1 2, whereas this parameter was largely insensitive to block signal amplitude for rat 3, 2 but decreased with increasing block signal frequency (not shown). where block was obtained at roughly the same amplitudes for all three rats. However, 7 establishing statistical significance for any trend is not possible with the data obtained.
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Several sources of variability were identified. Some is contributed by collation of data 9 from both muscles. This is justified by the sparsity of the data due to the filtering 10 detailed in subsection 2.4. In addition, for gastrocnemius medialis the fitting algorithm 11 applied to the recovery curve was made to ignore data points beyond the highest relative
12
EMG value in order to avoid fatigue bias, as rapid onset of fatigue was evident in than using the embedded sutures (see Figure 1 ). Kwik-Cast was applied to stabilise the 13 assembly resulting from this setup. An added benefit is that the cuff can be recovered 14 without damage since the loops can be simply cut. Nevertheless, the results display trends that can be tentatively explained. The effect of 1 blocking signal amplitude can be explained by reasoning that an increase in amplitude 2 increases the charge delivered per cycle to the nerve. This leads to a stronger blocking 3 effect which explains why the muscle requires more time to recover from the blocked 4 state, and supports dose-dependent blocking effects [7] . This translates to the longer 5 recovery time and lower normalised EMG response at the end of the trial. Frequency is 6 expected to affect blocking in the sense that more charge is delivered per cycle at lower and refinement of the protocol to validate the trends observed in the data. 
